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(57) ABSTRACT 

In a search processing system, a concept network is gener 
ated from a set of queries by parsing the queries into units 
and de?ning various relationships betWeen the units based in 
part on patterns of units that appear together in queries. 
Units in the concept network that have some similar char 

acteristic(s) are grouped into superunits. For each superunit, 
there is a corresponding signature that de?nes the similar 
characteristic of the group. A query is processed by identi 
fying constituent units, determining the superunit member 
ship of some or all of the constituent units, and using that 
information to formulate a response to the query. 
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Rank Unit Weight W(xi) 
1 "side effects" 2535.1081555555 
2 "dosage" 1715.60970691241 
3 "overdose" 1012.67890927915 
4 " generic" 96226525161571 
5 "withdrawal" 903.478068429062 
6 "addiction" 374.03 8397276877 
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Rank Unit Weight W(xi) 
1 <brand A> 5058.45052935936 
2 <brand B> 4986.57847034358 
3 <brand C> 4686949991 18965 
4 <brand D> 4443.85674161793 
5 <brand E> 43956107815323 
6 <brand F> 4362.31743340316 
7 <brand G> 43594591947467 
8 <brand H> 4141491219357 
9 <brand I> 4008.98929826121 
10 <brand J> 3834.00725848058 
1 l <brand K> 3831.09009064923 
12 <brand L> 3769.71768473659 
13 <brand M> 3681.19081682748 

19 "ibuprofen" 32383484470847 

61 "drug" 1818.41003172791 
62 <brand N> 1783.6272487977 
63 <brand O> 1771029881693 88 
64 <brand P> 1768.27751636375 
65 "caffeine" 1763.63682236685 

87 "chemotherapy" 1407.43386959684 

102 "heroin" 1161 .6056979906 
103 "aspartarne" 1151.13482596151 

117 <brand R> 1.009.53779331573 

RAGE 
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SYSTEMS AND METHODS FOR SEARCH 
PROCESSING USING SUPERUNITS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/510,220, ?led Oct. 9, 2003, 
entitled “Systems and Methods for Search Processing Using 
Clustering of Units,” Which disclosure is incorporated herein 
by reference for all purposes. 

[0002] The present disclosure is related to commonly 
assigned co-pending US. application Ser. No. 10/713,576, 
?led Nov. 12, 2003, entitled “Systems and Methods for 
Generating Concept Units from Search Queries,” and to 
commonly assigned co-pending Provisional Application No. 
60/460,222, ?led Apr. 4, 2003, entitled “Universal Search 
Interface System and Methods.” The respective disclosures 
of these applications are incorporated herein by reference for 
all purposes. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to netWork 
and Internet search and interface systems and more particu 
larly to search systems that provide enhanced search func 
tionality. 

[0004] With the advent of the Internet and the multitude of 
Web pages and media content available to a user over the 

World Wide Web (Web), there has become a need to provide 
users With streamlined approaches to ?lter and obtain 
desired information from the Web. Search systems and 
processes have been developed to meet the needs of users to 
obtain desired information. EXamples of such technologies 
can be accessed through Yahoo!, Google and other sites. 
Typically, a user inputs a query and a search process returns 
one or more links (in the case of searching the Web), 
documents and/or references (in the case of a different 
search corpus) related to the query. The links returned may 
be closely related, or they may be completely unrelated, to 
What the user Was actually looking for. The “relatedness” of 
results to the query may be in part a function of the actual 
query entered as Well as the robustness of the search system 
(underlying collection system) used. Relatedness might be 
subjectively determined by a user or objectively determined 
by What a user might have been looking for. 

[0005] Queries that users enter are typically made up of 
one or more Words. For eXample, “haWaii” is a query, so is 
“neW york city”, and so is “neW york city laW enforcement”. 
As such, queries as a Whole are not integral to the human 
brain. In other Words, human beings do not naturally think 
in terms of queries. They are an arti?cial construct imposed, 
in part, by the need to query search engines or look up 
library catalogs. Human beings do not naturally think in 
terms of just single Words either. What human beings think 
in terms of are natural concepts. For eXample, “haWaii” and 
“neW york city” are vastly different queries in terms of 
length as measured by number of Words but for a human 
being they share one important characteristic: they are each 
made up of one concept. In contrast, a person regards the 
query “neW york city laW enforcement” as fundamentally 
different because it is made up of tWo distinct concepts: 
“neW york city” and “laW enforcement”. 
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[0006] Human beings also think in terms of logical rela 
tionships betWeen concepts. For eXample, “laW enforce 
ment” and “police” are related concepts since the police are 
an important agency of laW enforcement; a user Who types 
in one of these concepts may be interested in sites related to 
the other concept even if those sites do not contain the 
particular Word or phrase the user happened to type. As a 
result of such thinking patterns, human beings by nature 
build queries by entering one or more natural concepts, not 
simply a variably long sequence of single Words, and the 
query generally does not include all of the related concepts 
that the user might be aWare of. Also, the user intent is not 
necessarily re?ected in individual Words of the query. For 
instance, “laW enforcement” is one concept, While the sepa 
rate Words “laW” and “enforcement” do not individually 
convey the same user intent as the Words combined. 

[0007] Current technologies at any of the major search 
providers, e.g., MSN, Google or any other major search 
engine site, do not understand queries the same Way that 
human beings create them. For instance, eXisting search 
engines generally search for the eXact Words or phrases the 
user entered, not for the underlying natural concepts or 
related concepts the user actually had in mind. This is 
perhaps the most important reason that prevents search 
providers from identifying a user’s intent and providing 
optimal search results and content. 

[0008] As can be seen, there is a need for improved search 
and interface technology that aids in providing results that 
are more in line With the actual concepts in Which a user may 
be interested and a better user experience. 

BRIEF SUMMARY OF THE INVENTION 

[0009] Embodiments of the present invention provide sys 
tems and methods for processing search requests, including 
analyZing received queries in order to provide a more 
sophisticated understanding of the information being sought. 
A concept netWork is generated from a set of queries by 
parsing the queries into units and de?ning various relation 
ships betWeen the units, e.g., based on patterns of units that 
appear together in queries. From the concept netWork, 
various similarities betWeen different units can be detected, 
and units that have some identifying characteristic(s) in 
common may be grouped into superunits. For each supe 
runit, there is a corresponding signature that de?nes the 
identifying characteristic(s) of the group. A query can be 
processed by identifying constituent units, determining the 
superunit membership of some or all of the constituent units, 
and using that information to formulate a response to the 
query. 

[0010] According to one aspect of the invention, a com 
puter-implemented method for generating superunits from 
user search queries is provided. A number of previous 
queries is represented as a concept netWork, the concept 
netWork including units and relationships de?ned betWeen 
pairs of the units, Wherein each relationship has an associ 
ated edge Weight. A superunit seed is identi?ed; the supe 
runit seed has at least one member unit, Wherein each 
member unit is one of the plurality of units of the concept 
netWork. A signature is de?ned for the superunit seed. The 
signature includes one or more signature units, and each 
signature unit has a relationship in the concept netWork With 
at least a minimum number of the member units. The 
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superunit seed is then expanded by adding one or more neW 
member units from the concept network, Wherein each neW 
member unit satis?es a match criterion based on the signa 
ture. The signature is modi?ed based on the expanded 
superunit seed. The steps of expanding and modifying are 
repeated until a convergence criterion is satis?ed, and a ?nal 
superunit and a ?nal signature are formed once the conver 
gence criterion is satis?ed. Superunit membership informa 
tion for each member unit of the ?nal superunit is then stored 
and may be used in responding to subsequent queries. The 
superunit membership information may include, for 
example, a membership Weight for each member unit of the 
?nal superunit, Where the membership Weight is based on 
the relationships in the concept netWork betWeen the mem 
ber unit and the signature units of the ?nal signature. 

[0011] According to another aspect of the present inven 
tion, a system for generating superunits from user search 
queries includes a concept netWork builder module, a supe 
runit seed module, a superunit builder module, and a storage 
module. The concept netWork builder module is con?gured 
to generate a concept netWork from a set of previous queries; 
the concept netWork includes units and relationships de?ned 
betWeen pairs of units, Wherein each relationship has an 
associated edge Weight. The superunit seed module is con 
?gured to identify a superunit seed comprising at least one 
member unit, Wherein each member unit is one of the units 
of the concept netWork. The superunit builder module is 
con?gured to construct superunits and signatures starting 
With the superunit seeds. Each superunit includes a plurality 
of member units, and each signature is associated With one 
of the superunits. Each signature includes one or more 
signature units, Where each signature unit has a relationship 
in the concept netWork With at least a minimum number of 
the member units of the associated superunit. The storage 
module con?gured to store superunit membership informa 
tion for the member units; the superunit membership infor 
mation is provided by the superunit builder module. In some 
embodiments, the system also includes a query response 
module coupled to the storage module and con?gured to 
receive a current query. The query response module parses 
the current query into one or more constituent units, 
retrieves from the storage module the superunit membership 
information for one or more of the constituent units, and 
formulates a response to the current query based at least in 
part on the retrieved superunit membership information. 

[0012] The folloWing detailed description together With 
the accompanying draWings Will provide a better under 
standing of the nature and advantages of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a simpli?ed high-level block diagram of 
an information retrieval and communication system accord 
ing to an embodiment of the present invention. 

[0014] FIG. 2 is a simpli?ed block diagram of an infor 
mation retrieval and communication netWork for communi 
cating media content according to an embodiment of the 
present invention. 

[0015] FIG. 3 is a graphical representation of a concept 
netWork according to an embodiment of the present inven 
tion. 
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[0016] FIG. 4 is a simpli?ed block diagram of a query 
processing engine according to an embodiment of the 
present invention. 

[0017] FIG. 5 is a How diagram of a process for gener 
ating clusters usable as superunit seeds according to an 
embodiment of the present invention. 

[0018] FIG. 6 is a How diagram of a process for gener 
ating cliques usable as superunit seeds according to an 
embodiment of the present invention. 

[0019] FIG. 7 is a How diagram of a process for con 
structing superunits from seeds according to an embodiment 
of the present invention. 

[0020] FIGS. 8A-B are graphical representations of a 
concept netWork at different stages in the superunit genera 
tion process illustrated in FIG. 7. 

[0021] FIG. 9 is a How diagram of a process for con 
structing a signature set for a superunit according to an 
embodiment of the present invention. 

[0022] FIG. 10 shoWs an example result of the superunit 
generation process of FIG. 7, With FIG. 10A shoWing 
signature units and FIG. 10B shoWing representative supe 
runit members. 

[0023] FIG. 11 is a simpli?ed block diagram of a system 
including a unit dictionary and associated processing intel 
ligence, including a query processing engine in some 
aspects, according to an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] I. OvervieW 

[0025] A. NetWork Implementation 

[0026] FIG. 1 illustrates a general overvieW of an infor 
mation retrieval and communication netWork 10 including a 
client system 20 according to an embodiment of the present 
invention. In computer netWork 10, client system 20 is 
coupled through the Internet 40, or other communication 
netWork, e.g., over any local area netWork (LAN) or Wide 
area netWork connection, to any number of server 
systems 501 to 50N. As Will be described herein, client 
system 20 is con?gured according to the present invention to 
communicate With any of server systems 501 to 50N, e.g., to 
access, receive, retrieve and display media content and other 
information such as Web pages. 

[0027] Several elements in the system shoWn in FIG. 1 
include conventional, Well-known elements that need not be 
explained in detail here. For example, client system 20 could 
include a desktop personal computer, Workstation, laptop, 
personal digital assistant (PDA), cell phone, or any WAP 
enabled device or any other computing device capable of 
interfacing directly or indirectly to the Internet. Client 
system 20 typically runs a broWsing program, such as 
Microsoft’s Internet ExplorerTM broWser, Netscape Naviga 
torTM broWser, MoZillaTM broWser, Opera broWser, or a 
WAP-enabled broWser in the case of a cell phone, PDA or 
other Wireless device, or the like, alloWing a user of client 
system 20 to access, process and vieW information and pages 
available to it from server systems 501 to 50N over Internet 
40. Client system 20 also typically includes one or more user 
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interface devices 22, such as a keyboard, a mouse, touch 
screen, pen or the like, for interacting With a graphical user 
interface (GUI) provided by the browser on a display (e.g., 
monitor screen, LCD display, etc.), in conjunction With 
pages, forms and other information provided by server 
systems 501 to 5ON or other servers. The present invention is 
suitable for use With the Internet, Which refers to a speci?c 
global internetWork of netWorks. HoWever, it should be 
understood that other netWorks can be used instead of or in 
addition to the Internet, such as an intranet, an extranet, a 
virtual private netWork (VPN), a non-TCP/IP based net 
Work, any LAN or WAN or the like. 

[0028] According to one embodiment, client system 20 
and all of its components are operator con?gurable using an 
application including computer code run using a central 
processing unit such as an Intel PentiumTM processor, AMD 
AthlonTM processor, or the like or multiple processors. 
Computer code for operating and con?guring client system 
20 to communicate, process and display data and media 
content as described herein is preferably doWnloaded and 
stored on a hard disk, but the entire program code, or 
portions thereof, may also be stored in any other volatile or 
non-volatile memory medium or device as is Well knoWn, 
such as a ROM or RAM, or provided on any media capable 
of storing program code, such as a compact disk (CD) 
medium, a digital versatile disk (DVD) medium, a ?oppy 
disk, and the like. Additionally, the entire program code, or 
portions thereof, may be transmitted and doWnloaded from 
a software source, e.g., from one of server systems 501 to 
50N to client system 20 over the Internet, or transmitted over 
any other netWork connection (e.g., extranet, VPN, LAN, or 
other conventional netWorks) using any communication 
medium and protocols (e.g., TCP/IP, HTTP, HTTPS, Ether 
net, or other conventional media and protocols). 

[0029] It should be appreciated that computer code for 
implementing aspects of the present invention can be C, 
C++, HTML, XML, Java, J avaScript, etc. code, or any other 
suitable scripting language (e.g., VBScript), or any other 
suitable programming language that can be executed on 
client system 20 or compiled to execute on client system 20. 
In some embodiments, no code is doWnloaded to client 
system 20, and needed code is executed by a server, or code 
already present at client system 20 is executed. 

[0030] B. Search System 

[0031] FIG. 2 illustrates another information retrieval and 
communication netWork 110 for communicating media con 
tent according to an embodiment of the invention. As shoWn, 
netWork 110 includes client system 120, one or more content 
server systems 150, and a search server system 160. In 
netWork 110, client system 120 is communicably coupled 
through Internet 140 or other communication netWork to 
server systems 150 and 160. As discussed above, client 
system 120 and its components are con?gured to commu 
nicate With server systems 150 and 160 and other server 
systems over the Internet 140 or other communication 
netWorks. 

[0032] 1. Client System 

[0033] According to one embodiment, a client application 
(represented as module 125) executing on client system 120 
includes instructions for controlling client system 120 and 
its components to communicate With server systems 150 and 
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160 and to process and display data content received there 
from. Client application 125 is preferably transmitted and 
doWnloaded to client system 120 from a softWare source 
such as a remote server system (e.g., server systems 150, 
server system 160 or other remote server system), although 
client application module 125 can be provided on any 
softWare storage medium such as a ?oppy disk, CD, DVD, 
etc., as discussed above. For example, in one aspect, client 
application module 125 may be provided over the Internet 
140 to client system 120 in an HTML Wrapper including 
various controls such as, for example, embedded J avaScript 
or Active X controls, for manipulating data and rendering 
data in various objects, frames and WindoWs. 

[0034] Additionally, client application module 125 
includes various softWare modules for processing data and 
media content, such as a specialiZed search module 126 for 
processing search requests and search result data, a user 
interface module 127 for rendering data and media content 
in text and data frames and active WindoWs, e.g., broWser 
WindoWs and dialog boxes, and an application interface 
module 128 for interfacing and communicating With various 
applications executing on client 120. Examples of various 
applications executing on client system 120 for Which 
application interface module 128 is preferably con?gured to 
interface With according to aspects of the present invention 
include various e-mail applications, instant messaging (IM) 
applications, broWser applications, document management 
applications and others. Further, interface module 127 may 
include a broWser, such as a default broWser con?gured on 
client system 120 or a different broWser. In some embodi 
ments, client application module 125 provides features of a 
universal search interface as described in the above-refer 
enced Provisional Application No. 60/460,222. 

[0035] 2. Search Server System 

[0036] According to one embodiment, search server sys 
tem 160 is con?gured to provide search result data and 
media content to client system 120, and content server 
system 150 is con?gured to provide data and media content 
such as Web pages to client system 120, for example, in 
response to links selected in search result pages provided by 
search server system 160. In some variations, search server 
system 160 returns content as Well as, or instead of, links 
and/or other references to content. Search server system 160 
is also preferably con?gured to record user query activity in 
the form of query log ?les described beloW. 

[0037] Search server system 160 in one embodiment ref 
erences various page indexes 170 that are populated With, 
e.g., pages, links to pages, data representing the content of 
indexed pages, etc. Page indexes may be generated by 
various collection technologies including automatic Web 
craWlers, spiders, etc., as Well as manual or semi-automatic 
classi?cation algorithms and interfaces for classifying and 
ranking Web pages Within a hierarchical structure. These 
technologies may be implemented on search server system 
160 or in a separate system (not shoWn) that generates a page 
index 170 and makes it available to search server system 
160. 

[0038] An entry 162 in page index 170 includes a search 
term, a link (or other encoded identi?er) to a page in Which 
that term appears and a context identi?er for the page. The 
context identi?er may be used for grouping similar results 
for search terms that may have different meanings in dif 
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ferent contexts. For example, the search term “java” may 
refer to the Java computer language, to the Indonesian island 
of Java, or to coffee (which is often colloquially referred to 
as java). The context identi?er for a page advantageously 
indicates which of these contexts is applicable. A page link 
may be associated with multiple context identi?ers, so the 
same page (or a link thereto) may be displayed in multiple 
contexts. Context identi?ers are preferably automatically 
associated with page links by the system as users perform 
related searches; however, the identi?ers may also be modi 
?ed and associated with links manually by a team of one or 
more index editors. In this manner, knowledge gleaned from 
numerous searches can be fed back into the system to de?ne 
and re-de?ne contexts to make the displayed search results 
more valuable and useful to the requesting user. 

[0039] Search server system 160 is con?gured to provide 
data responsive to various search requests received from a 
client system, in particular from search module 126. For 
example, search server system 160 may be con?gured with 
search related algorithms for processing and ranking web 
pages relative to a given query (e. g., based on a combination 
of logical relevance, as measured by patterns of occurrence 
of the search terms in the query; context identi?ers; page 
sponsorship; etc.). In accordance with embodiments of the 
present invention, these algorithms include algorithms for 
concept analysis. 
[0040] For instance, some embodiments of the present 
invention analyZe search queries and/or results and groups 
results in contexts for display at the user’s computer 120. 
For example, in response to the search term “Java”, some 
embodiments of search server system 160 return search 
results grouped into three (or more if other contexts are 
identi?ed) contexts or word senses: Java the computer 
language, Java the island, and coffee java. The system may 
be con?gured to display the results in sets with links 
provided in association with each context, or the system may 
display just the contexts (with enough information to dis 
tinguish the contexts to the user) without any links and allow 
the user to select the desired context to display the associated 
links. In the Yahoo! network system, for example, a set of 
contexts might be displayed with each context having a set 
of links to pages from the search index, links associated with 
sponsored matches, links associated with directory matches 
and links associated with Inside Yahoo! (IY) matches. 

[0041] In addition to words or phrases having ambiguous 
meanings, such as “Java”, some embodiments of the present 
invention are con?gured to group results into contexts for 
search terms that are not necessarily ambiguous. One 
example is the results returned for the search term “Hawaii”. 
The term “Hawaii” in and of itself might not be ambiguous; 
however, the character of the results returned for such a term 
could be very broad, related to every site that discusses or 
just mentions Hawaii. To provide more useful results to the 
user, the system of the present invention preferably orga 
niZes search results into contexts by leveraging the knowl 
edge of what the results are actually related to. For example, 
for Hawaii, the system may return results in various context 
groupings such as “Hawaii: travel”, “Hawaii: climate”, 
“Hawaii: geography”, “Hawaii: culture”, etc. Such context 
identi?ers (“travel,”“climate,” etc.) may be stored in page 
index entry 162 as described above. 

[0042] It will be appreciated that the search system 
described herein is illustrative and that variations and modi 
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?cations are possible. The content server and search server 
system may be part of a single organiZation, e.g., a distrib 
uted server system such as that provided to users by Yahoo! 
Inc., or they may be part of disparate organiZations. Each 
server system generally includes at least one server and an 
associated database system, and may include multiple serv 
ers and associated database systems, and although shown as 
a single block, may be geographically distributed. For 
example, all servers of a search server system may be 
located in close proximity to one another (e.g., in a server 
farm located in a single building or campus), or they may be 
distributed at locations remote from one another (e. g., one or 
more servers located in city A and one or more servers 

located in city B). Thus, as used herein, a “server system” 
typically includes one or more logically and/or physically 
connected servers distributed locally or across one or more 

geographic locations; the terms “server” and “server sys 
tem” are used interchangeably. 

[0043] The search server system may be con?gured with 
one or more page indexes and algorithms for accessing the 
page index(es) and providing search results to users in 
response to search queries received from client systems. The 
search server system might generate the page indexes itself, 
receive page indexes from another source (e.g., a separate 
server system), or receive page indexes from another source 
and perform further processing thereof (e.g., addition or 
updating of the context identi?ers). 

[0044] C. Concept Networks and Superunits 

[0045] In one embodiment, algorithms on search server 
system 160 perform concept analysis of search terms to 
provide more relevant results to the user. For example, for 
the search phrase “New York City” it is most likely that the 
user is interested in sites related to New York City (the city 
or region) as opposed to any other city in the state of New 
York. Similarly, for “New York City law enforcement” it is 
most likely that the user is interested in sites related to law 
enforcement (e.g., segment of jobs) in New York City. 
However, most conventional search engines would simply 
search using the individual terms “New”, “York”, “City”, 
“law” and “enforcement” regardless of the order in which 
the terms appear in the search phrase. Other conventional 
search engines might try to ?nd the longest substring in the 
search phrase that also appears in an index. For example, if 
the index contained “New York”, “New York City” and 
“New York City law” but not “New York City law enforce 
ment”, the search engine would search using “New York 
City law” and “enforcement”, which is not necessarily what 
the user intended and is unlikely to produce optimal results. 

[0046] Search server system 160 is advantageously con 
?gured to detect, in a query such as “New York City law 
enforcement” the concepts “New York City” and “law 
enforcement” and to return results for these two concepts. In 
some embodiments, search server 160 uses the order that 
search terms are presented in a query to identify its con 
stituent concepts. For example, using “New York City law 
enforcement” as the search phrase, the system identi?es, 
e.g., by hashing, “New York City” and “law enforcement” as 
two concepts in the search phrase and returns results for 
these concepts. The same results would be returned for “law 
enforcement in New York City.” However, for “city law 
enforcement in New York,” different results would be 
returned based on the concepts “law enforcement” and 
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“New York” and “city,” or “city law enforcement” and “New 
York.” Likewise, “enforcement of law in New York City” 
would be identi?ed as including the concepts “New York 
City,”“law” and “enforcement.” Thus, the order of concepts 
is not so important as the order of terms that make up a 
concept. In some embodiments, concepts are included in the 
page index (e.g., as terms and/or context identi?ers) or a 
separate concept index may be implemented. It should be 
noted that “law enforcement” could be regarded as the same 
as “enforcement of law” or not depending on the context. In 
some embodiments, the concepts within a query are advan 
tageously detected by reference to a unit dictionary 172 that 
contains a list of known concepts (or “units”). 

[0047] Unit dictionary 172 is advantageously generated by 
a concept discovery process based on some number (pref 
erably a large number, e.g., at least several hundred thou 
sand) of previous queries. Concept discovery, examples of 
which are described below, involves analysis of the queries 
to generate a concept network and may be performed by 
search server 160 or by another server (not shown). 

[0048] As used herein, the term “concept networ ” 
encompasses any representation of relationships among con 
cepts. For example, FIG. 3 is a graphical representation of 
a concept network 300 for a small number of concepts. Each 
concept or unit (e.g., “New”, “York”, “New York City”, etc.) 
is a “node” (e.g., node 302) of the network and is connected 
to other nodes by “edges” (e.g., edge 304) that represent 
various relationships between concepts. A concept network 
can capture a variety of relationships. In the embodiment 
shown in FIG. 3, the relationships include extensions 
(“ext”), associations (“assoc”), and alternatives (“alt”); other 
relationships may also be captured in addition to or instead 
of those described herein. 

[0049] An “extension” as used herein is a relationship 
between two units that exists when the string obtained by 
concatenating the two units is also a unit. For example, the 
string obtained by concatenating units “new york” and 
“city” is “new york city,” which is also a unit. The extension 
relationship is shown in FIG. 3 as a “T” junction, with the 
crossbar connecting the two units that are related by exten 
sion (e.g., “new york” and “city”) and the stem connecting 
to the extension unit (e.g., “new york city”). 

[0050] An “association” as used herein is a relationship 
that exists between two units that appear in queries together. 
For example, FIG. 3 shows that unit “hotels” is an associa 
tion of units “new york” and “new york city”. Pairs of 
associated units are also referred to herein as “neighbors,” 
and the “neighborhood” of a unit is the set of its neighbors. 
To establish an association between units, a minimum fre 
quency of co-occurrence may be required. It should be noted 
that the units that are related by association need not appear 
adjacent to each other in queries and that the string obtained 
by concatenating associated units need not be a unit. (If it is, 
then an extension relationship would exist. Thus, an exten 
sion relationship may be regarded as a special kind of an 

association.) 
[0051] An “alternative” of a ?rst unit is a different form 
(which may be a preferred, corrected, or other variant form) 
of the same expression; for example, FIG. 3 shows that 
“motel” and “hotel” are alternatives. Other examples of 
alternatives include “brittany spears” and “britney spears” 
(different spellings), or “belgian” and “belgium” (different 
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parts of speech). Among a set of alternative units, one may 
be designated as “preferred,” e.g., based on frequency of 
occurrence; for example, “britney spears” (the correct spell 
ing of the name of the popular singer) might be a preferred 
alternative to misspelled alternatives such as “brittany 
spears.” Embodiments described herein are case insensitive, 
and terms that differ only in capitaliZation (e.g., “Belgium” 
and “belgium”) refer to the same unit; other embodiments 
may distinguish units based on case and may identify units 
that differ only in capitaliZation as alternatives. 

[0052] In some embodiments, the edges in the concept 
network may be assigned weights (not shown in FIG. 3), 
i.e., numerical values that represent the relative strength of 
different relationships. For example, the edge weight 
between a ?rst unit and an associated unit may be based on 
the fraction of all queries containing the ?rst unit that also 
contain the associated unit, or on the fraction of all queries 
containing either unit that also contain the other. Weights 
advantageously re?ect relative strength; accordingly, 
weights may be normaliZed in any manner desired. It is to 
be understood that FIG. 3 is illustrative and that other 
relationships, as well as other representations of connections 
or relationships between different units or concepts might 
also be used; the term “concept network” as used herein 
encompasses alternative representations. 

[0053] In embodiments of the present invention, the rela 
tionships represented in the concept network also include 
membership of various units in “superunits.” The term 
“superunit” as used herein refers to a set of units that have 
an identi?ed common characteristic. The identi?ed common 

characteristic (which may include multiple elements) is 
represented by a “signature” of the superunit that may be 
used to determine whether another unit belongs in the 
superunit. In some embodiments, the signature is also used 
to determine a “membership weight” for each member unit 
based on a degree of similarity between the unit’s charac 
teristics and the signature characteristic(s). A threshold 
membership weight may be de?ned, and the superunit may 
include only units whose membership weight exceeds this 
threshold. 

[0054] For example, one superunit may be made up of 
cities (e.g., “New York City”, “San Francisco”, “Chicago”, 
etc.), and its signature may include some number of other 
units that frequently appear in queries in association with the 
name of a city (e.g., “hotel”, “museum”, “mayor”, “jobs”, 
etc.). A new unit can be evaluated to determine whether it is 
a city (i.e., a member of the superunit) by comparing its 
associations to the signature. As another example, another 
superunit may be made up of units that are alternatives for 
each other (e.g., “britney spears”, “brittany spears”, “britney 
speers”, etc.), and its signature might include units associ 
ated with the singer’s name (e.g., “photos”, “mp3”, “tour”, 
etc.) as well as an “edit distance” parameter indicating 
similarity in spelling. Aunit that has similar associations but 
a large edit distance (e.g., “barbra streisand” or “celine 
dion”) would be excluded, while other misspellings of 
Britney Spears would be included. Speci?c techniques for 
generating superunits and signatures from queries are 
described below. Like other relationships of units, superunit 
signatures and superunit membership information (e.g., 
membership weights) for various units may be stored in unit 
dictionary 172. 
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[0055] In some embodiments, different elements of a 
superunit’s signature may be assigned different Weights. The 
Weights are advantageously selected to re?ect the relative 
effectiveness of different signature elements in characteriZ 
ing the superunit. 

[0056] Search server 160 advantageously uses superunit 
information in responding to queries, e.g., by determining 
Which superunits the units in a query belong to and com 
paring the units of the query to the signatures of these 
superunits to determine What the user most likely intended. 
Search server 160 can use this information about likely user 

intent, e.g., to organiZe the search results, suggest related 
searches, etc. These features of search server 160 are 
described in Sec. III beloW. 

[0057] II. Concept Analysis System 

[0058] FIG. 4 is a block diagram of a system 400 for 
performing concept discovery or concept analysis, including 
superunit generation, according to one embodiment of the 
present invention. One or more query log ?les 402 (or actual 
queries) are received by a query processing engine (also 
referred to as a query engine) 404, Which generates a unit 
dictionary 406. Query engine 404 may be a component of 
search server system 160 (FIG. 2) or a different system that 
communicates With search server system 160. In one 
embodiment, query engine 404 includes a concept netWork 
(CN) builder 410, a superunit seed module 412, and a 
superunit builder 414. CN builder 410 analyZes the content 
of query log ?le 402 and generates a concept network 408 
that includes units, relationships betWeen units (e.g., exten 
sions, associations, and alternatives), and edge Weights for 
the relationships. Superunit seed module 412 generates 
preliminary groupings of units into superunits (referred to 
herein as “seeds”), optionally by analysis of concept net 
Work 408. Superunit builder 414 processes concept netWork 
408 using the seeds provided by superunit seed module 412 
to generate a number of superunits. The units and their 
relationships, including superunits, are captured in a unit 
dictionary 406. 

[0059] Unit dictionary 406 may be implemented in any 
format and stored on any suitable storage media, including 
magnetic disk or tape, optical storage media such as compact 
disk (CD), and so on. The content of unit dictionary 406 
advantageously includes the units, as Well as additional 
information about each unit, such as relationships (e.g., 
extensions, associations, alternatives) and statistical data 
(e.g., edge Weights) generated by CN builder 410 and 
superunit membership (e.g., membership Weights) as deter 
mined by superunit builder 414. Unit dictionary 406 may 
also include information related to the superunits them 
selves, such as parameters of a signature associated With a 
superunit. Information stored in unit dictionary 406 can be 
used by a search server (e.g., search server 160 of FIG. 2) 
to respond to subsequent queries. 

[0060] A query log ?le 402 (or an actual query) may be 
received from various sources over the Internet or through 
various netWork connections, e.g., LAN, WAN, direct links, 
distribution media (e.g., CD, DVD, ?oppy disk), etc. 
Examples of sources include search server system 160 (FIG. 
2), or multiple search servers 160 in a distributed netWork of 
search servers, and one or more of content servers 150. 
Query log ?le sources are typically associated With the same 
organiZation or entity, e.g., Yahoo! servers, but need not be. 
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The query log ?les (also referred to as query logs) are 
processed by query engine 404 using statistical methods 
such as may be used in information theory or concepts such 
as mutual information. In some embodiments, daily query 
logs are used, although logs for different time periods, e.g., 
hours, Weeks, etc. may be used as desired. Query logs 
typically include actual queries (e.g., text strings) submitted 
by users and may also include additional information 
(referred to herein as “meta-information”) for some or all of 
the queries, such as geographic location of querying users, 
timestamps, IP addresses of client systems, cookies, type of 
client (e.g., broWser type), etc. For example, query log 
entries might be formatted as <query_string, meta-informa 
tion> or as <count, query_string> Where “count” represents 
frequency of occurrence. (Frequency may be normaliZed or 
not as desired.) 

[0061] A. Concept NetWork Builder 

[0062] CN builder 410 processes the query logs 402 to 
generate concept netWork 408. In preferred embodiments, 
CN builder 410 uses the order of search terms Within a query 
to identify one or more units that make up that query. For 
example, a unit may be a Word (e.g., “java”) or a group of 
Words that frequently appear adjacent to each other (e.g., 
“neW york city”). The units correspond to nodes (concepts) 
in the concept netWork. 

[0063] CN builder 410 also analyZes the units to detect 
relationships such as extensions (Which may be detected 
based on one Word or unit sometimes being folloWed by 
another Word or unit and sometimes not), associations 
(Which may be detected based on frequency of occurrence of 
pairs of units), and alternatives (Which may be detected 
based on “edit distance,” i.e., the number of typographical 
changes required to transform one unit into another). Par 
ticular techniques for identi?cation of units and relationships 
betWeen units (including associations, extensions, and alter 
natives) are described in detail in above-referenced appli 
cation Ser. No. 10/713,576. It Will be appreciated that CN 
builder 410 may also implement other techniques in addition 
to or instead of those described therein, in order to generate 
concept netWork 408. 

[0064] A representation of concept netWork 408 may be 
stored in unit dictionary 406. In some embodiments, this 
representation includes the units together With sets of rela 
tionships and Weights for each unit. Various data compres 
sion techniques may be used for representing this informa 
tion in unit dictionary 406. 

[0065] B. Superunit Seed Module 

[0066] Superunit seed module 412 generates one or more 
seeds from Which superunits can be constructed. As used 
herein, a “seed” may be a single unit or a list of units that 
has one or more common traits. Superunit seed module 412 
can use a variety of techniques for generating seeds. Four 
examples of such techniques Will noW be described: (1) 
analysis of concept netWork 408; (2) reference to external 
sources; (3) analysis of user behavior; and (4) analysis of 
documents in the search corpus. It is also to be understood 
that a single unit can be used as a seed, and superunit seed 
module 412 might simply select some number units from 
concept netWork 408 to be used as seeds (e.g., based on 
frequency of occurrence, siZe of neighborhood, or some 
other criterion). 
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[0067] 1. Seeds Based on Concept Network (Clusters and 
Cliques) 
[0068] In one embodiment, superunit seed module 412 
performs further analysis of the queries using concept net 
Work 408, to create clusters (i.e., groups of related units) that 
can be used as seeds. In this embodiment, clusters are 
generated from units by identifying different units “mem 
bers” of the cluster) that have similar neighborhoods (i.e., 
sets of associated units). The clusters can be used as seeds 
for superunit generation; as Will be seen, the clusters them 
selves may also be superunits. 

[0069] For example, consider a case Where users search 
for information about their favorite musical performers. 
Typically, these users Would construct a query that includes 
the name of the performer (e.g., “Avril Lavigne” or “Celine 
Dion” or “Matchbox TWenty”) and also some other Words 
re?ecting the type of information sought, such as “lyrics”, 
“mp3”, “guitar tabs”, “discography”, and so on; these other 
Words are neighbor units that Would tend to appear With 
names of different performers. Based on the occurrence of 
similar neighbor units, superunit seed module 412 groups 
the performer names into a cluster. 

[0070] More speci?cally, FIG. 5 is a How diagram of a 
process 500 that can be performed by superunit seed module 
412 to generate clusters from a concept netWork 408. At step 
502, the concept netWork 408 is provided to superunit seed 
module 412. 

[0071] At step 503, a base unit for forming a cluster is 
selected. In some embodiments, every unit in the concept 
netWork may be used as a base unit. In other embodiments, 
base units may be limited, e.g., to units occurring With at 
least some minimum frequency. It is to be understood that 
any number of clusters can be created by repeating process 
500 using different base units. 

[0072] At step 504, another unit in concept netWork 408 is 
selected as a candidate unit for inclusion in a cluster With the 
base unit. An iterative procedure may be used to select all 
pairs of units, or selection may be restricted to units that 
meet certain criteria. For example, in one embodiment 
concept netWork 408 includes associations of a particular 
unit and various neighbor units. In this embodiment, step 
504 includes comparing the neighborhoods of the base unit 
and a second unit to determine the degree of overlap; if it is 
too small, the second unit does not become a candidate unit. 
In this embodiment, selection of units to consider is simpli 
?ed by starting With a base unit B, ?nding a neighbor unit 
A, then ?nding a third unit C that is also a neighbor of A. 
Comparing the neighborhoods of units B and C determines 
Whether unit C is selected as a candidate unit for inclusion 
in a cluster With unit B. This procedure reduces the set of 
possible candidate units to those units that have at least one 
neighbor in common With the base unit. 

[0073] At step 506, instances of neighbor units that occurs 
With both the base unit and the candidate unit are identi?ed. 
E.g., if “Avril Lavigne” and “matchbox tWenty” are the base 
unit and candidate unit, neighbor units in common might 
include “lyrics”, “discography”, and so on. Neighbor units 
that occur With the base and candidate units are referred to 
herein as “matched” units. 

[0074] At step 508, a clustering Weight for the candidate 
unit is computed based on the neighbor units, including the 
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matched units. This clustering Weight is a measure of 
similarity betWeen the candidate units and the base unit; it 
may be calculated in various Ways. Five examples of suit 
able algorithms for computing clustering Weights Will noW 
be described; those of ordinary skill in the art Will recogniZe 
that other algorithms may also be used. 

EXAMPLE 1 

[0075] One algorithm takes into consideration the number 
of matched units as a measure of similarity. The clustering 
Weight for units 111 and u2 is de?ned as: 

[0076] Where Nc is the number of matched units and NT 
is the larger of the total number of neighbor units for unit 111 
and the total number of neighbor units for unit u2. 

[0077] Variations are possible. For example, NT might be 
de?ned as the smaller of the tWo totals (instead of the larger), 
or as the average of the tWo totals. 

EXAMPLE 2 

[0078] Asecond algorithm takes into account the frequen 
cies (and thus hoW important a neighbor unit is for a unit) for 
every matched unit. The clustering Weight for units 111 and u2 
is de?ned as: 

[0079] Where FM is the sum, over all matched units si, of 
the frequency With Which unit si occurs With unit 111 and the 
frequency With Which unit si occurs With unit u2; and ET is 
the sum of the same frequencies over all neighbor units, 
matched or not. 

EXAMPLE 3 

[0080] Relative frequency is an alternative measure of 
importance in Which a penalty (decrease in Weight) is 
attached in cases Where the relative frequencies of occur 
rence of the matched unit With units 111 and u2 are different. 
In this example, R1i and R2i are de?ned as the relative 
frequencies of neighbor unit si With units 111 and u2 respec 
tively. The clustering Weight is given by: 

[0081] Where the sum is taken over matched units si, and 
P is a penalty factor that Weights the difference in relative 
frequencies. The value of P may be varied; in one embodi 
ment, P=2. 

EXAMPLE 4 

[0082] Comparing neighbor units in descending order of 
frequencies (rank) is another Way to measure importance. 
Similarly to Example 3, a penalty is attached to any differ 
ence of the ranks of the matched units. Each matched unit si 
is assigned tWo ranks Q1i and Q2i, denoting its rank With 
units 111 and u2 respectively. The clustering Weight is given 
by: 
























